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The invention described herein may be manufactured 
and used by or for the Government of the United States 
of America for governmental purposes without the pay. 
ment of any royalties thereon or therefor. 

This invention relates to the joining or securing togethel 
of two or more members, and more particularly to the 
bonding of one structure to another by means of a 
thermosetting film adhesive having an electrical heat 
producing means incorporated therein or secured thereto. 

The desirability and usefulness of thermosetting film 
adhesives for a variety of functions has long been known. 
However, the relatively recent advent of extremely large 
aircraft and rockets, which must of necessity be made as 
strong and yet as light as possible, has resulted in still 
another use for thermosetting film adhesives being found. 
This use stems from the desirabilty of utilizing structural 
members constructed of metal outer protective support 
plates or sheets between which is sandwiched a metallic 
structure consisting of a plurality of very thin walled 
metal strips joined and folded in such a manner as to 
form an open-work grid that resembles and is therefore 
termed a “honeycomb” core. In forming panels of this 
type it has been found that a thermosetting film can be 
used to great advantage for securing the outer plates to 
the honeycomb core. This type of panel has the advantage 
of being very light in weight and yet extremely strong. 
As mentioned hereinabove both of these attributes are 
of great importance in the aerospace field. 

The prior accepted manner of securing metallic outer 
plates to a honeycomb core by means of a thermosetting 
film, required that the uncured member be placed under 
a source of uniform pressure and heat. This permitted 
the thermosetting film to cure thus bonding the outer 
plates to the honeycomb core. 

Although this prior mebhod of fabricating panels was 
reasonably satisfactory it nevertheless had certain draw- 
backs which severely restricted and even prohibited its 
use in certain instances. Among the most notable of these 
restrictions is the requirement that an oven autoclave, 
press or the like is normally required for producing the 
desired heating of the laminated panel. In those instances 
where a large element such as, for example, a booster 
rocket bulkhead is to be constructed of honeycomb panels, 
the conventional methods of curing the panels lbecome 
impractical. This is true since an oven or like apparatus 
of the size required is extremely expensive to produce, 
requires considerable lead-time to construct, and is prac- 
tically useless for any other purpose thus prohibiting its 
use in a “one-shot” or feasibility test. 

Furthermore, the above mentioned method and ap- 
paratus heretofore used for curing a panel having a ther- 
mosetting film many times failed to produce a satisfactory 
bond thereby reducing the reliability of the panel and in- 
creasing its unit cost. This is due t o  the inherent disad- 
vantage of the panel being heated from the outer surface 
inward rather than in the reverse direction. As the ex- 
ternal source of heat from the oven strikes the outer sur- 
face of the plate members they are gradually heated there- 
by causing the thermosetting film to be heated. Due to 
variations in the thickness and the presence of air pockets 
or impurities in the outer sheets, the heat transfer through 
the sheets tends to  be uneven thus resulting in an ir- 
regular bonding of the thermosetting film. 
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The present invention accordingly, consists in the meth- 
od and apparatus for joining a plurality of elements using 
thermosetting film adhesive and applying heat directly to 
the film without first being conducted through the ele- 
ments. This is accomplished by placing electrically con- 
ductive heat producing means in direct contact with the 
film. In one embodiment heating wires are embedded in 
the film while in a modified embodiment one or more of 
the elements to be joined are heated by passing an electric 
current therethrough. In still another embodiment, one 
of the elements to be joined is heated by passing an elec- 
tric current through resistance heating wires embedded in 
but electrically insulated from that element. 

In order to hold the elements being bonded in position, 
any suitable method such as the use of clamps or weights 
may be used. However, to obtain a uniform pressure and 
hence a uniform bond with the least amount of effort and 
equipment, it is preferred that the elements being joined 
be placed in an airtight, evacuated space. Such a space may 
be easily formed by utilizing a flexible sheet of material 
impervious to air and sealed about the elements. An ex- 
ample of such a material is a plastic sheet sealed along the 
element being cured by a tape band, or other suitable ele- 
ment. The plastic sheet can now be evacuated and the ele- 
ments thus held uniformly together under any desirable 
pressure up to  and including atmospheric pressure. 

Accordingly, the primary object of this invention is to 
provide a method and device for securing members to- 
gether by utilizing a thermosetting adhesive film having 
a heat producing means embedded therein or secured 
thereto. 

Another object of this invention is to provide a method 
for bonding a honeycomb core to support sheets or plates 
by means of thermosetting adhesive film cured by direct 
contact heating means thereby eliminating the use of ex- 
pensive pressure and heat applying apparatus. 

A further object of this invention is to secure support 
plates to a honeycomb core by the use of thermosetting 
adhesive film combined with direct contact heating and 
vacuum means to affect a uniform bond between the 
several elements. 

These and other objects and advantages of this inven- 
tion wil be more apparent upon reference to the follow- 
ing specification, appended claims and drawing wherein: 

FIGURE 1 is a perspective View showing a section of 
thermosetting adhesive film having heating elements em- 
bedded therein; 

FIGURE 2 is a side elevation which shows the use of 
thermosetting adhesive film to secure support plates to 
a honeycomb core and a power supply for applying heat 
producing energy to the heating elements; 

FIGURE 3 is a top view of the panel of FIGURE 2 
partly broken away to show its various components; 

FIGURE 4 is a perspective view of another system 
65 for securing support-plates to a honeycomb core by the 

use of thermosetting adhesive film wherein the curing 
heat is produced by passing an electrical current through 
the honeycomb core itself; 

FIGURE 5 is a perspective view showing a method 
for bonding support plates to  a honeycomb core by the 
use of adhesive films wherein the curing heat is pro- 
duced by passing an electric current through the support 
plates; 

FIGURE 6 is a perspective view showing still another ‘‘ method for bonding support plates to a honeycomb core 
by adhesive films wherein curing heat is produced by 
heating elements embedded in the honeycomb; 

FIGURE 7 illustrates in a perspective view the use of 
a flexible sheet of material air tightly sealed about a 
work-piece and upon which a vacuum is being drawn; 

FIGURE 8 is a side elevation showing another use for 
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the thermosetting adhesive film wherein a bulkhead is is accomplished by applying pressure and heat in the man- 
bonded within a booster rocket fuel tank. ner described above in relation to the description of the 

In order to better understand the construction and embodiment of FIGURE 1. Control of the film tempera- 
use of this novel thermosetting adhesive film it will be ture is accomplished by adjusting variable resistor 22 to 
described in relation to  the bonding of support plates to 5 restrict or increase the current flow through heating ele- 
a honeycomb core or to the bonding of a bulkhead with- 
in a rocket fuel tank. It is to be understood, however, 
that various other uses may be found for this novel film. 
For example, such film could be used in joining wing sec- 
tions in aircraft or body panels in trailer trucks. Other 
uses will be readily apparent to those skilled in the art. 

With continued reference to the accompanying figures 
wherein like numerals designate simiiar parts through- 
out the various views, and with initial attention directed 
to FIGURE 1, reference numeral 10 designates a thermo- 
setting adhesive film or bonding member having elec- 
trically conductive heating elements such as granular car- 
bon or resistance wires embedded therein. Any thermo- 
setting adhesive film either supported or unsupported may 
be utilized as the material of element 
mercially available films are sold in roles of specific 
length and width. However, any adhesive film may be 
chosen as long as it has the property of curing to a set 
when its temperature is raised to a specified level and 
held there for a particular period of time. 

The heating elements 112 may be of any suitable size 
and constructed of any suitable material to provide a 
resistance along their length and thereby produce heat 
when an electric current is passed therethrough. For ex- 
ample, nichrome wires having a diameter of from 5 to 
10 thousandths of an inch and placed 96'' apart in order 
to produce an even distribution of heat within the film 
have been found to be satisfactory. 

In a bonding operation the adhesive film of FIGURE 
1 is used in the following manner. The members to be 
joined are cleaned to assure a good bond and a priming 
material is applied if such is recommended by the film 
manufacturer. The adhesive film is then placed between 
the members, the direct contact heating means is con- 
nected to a power supply characterized by high amper- 
age and low voltage, and pressure is applied so as to force 
each member into firm contact with the film. At this 
point heat producing energy from the power supply is 
applied to the heating means and the temperature of the 
film begins to rise. During the period of rise, the adhesive 
film softens and tends to flow over the surfaces to be 
joined. At a specific temperature the film begins to cure 
and harden. After holding the film temperature constant 
at the curing level for a period of time, determined by 
the type of film being used, the film hardens to a set and 
the members are securely joined. 

The curing time, temperature, rate of temperature 
rise and pressure applied vary with the film material and 
the bonding properties desired. However, a typical cycle 
for adhesive film would be a 30 minute heat up to 340" 
degrees F. followed by a cure of 60 minutes at 340" F. 
A pressure of from 3 to 14 pounds per square inch should 
be maintained over the laminated layers during the heat 
up and curing periods. If the temperature is held at a 
higher level the cure time may be correspondingly re- 
duced and still maintain the same ultimate bonding 
strength. 

In FIGURES 2 to  6 the bonding of outer support 
plates to a honeycomb core 16 by the use of adhesive film 
is illustrated. In the embodiment illustrated in FIGURES 
2 and 3, a section of film having heating elements 12 
embedded therein is placed on the faces of the core 16 
to which plates 14 are to be bonded. The heating ele- 
ment wires 12 are exposed and connected to bus bars 17 
which are electrically connected to a power supply 18 
through lead wires 20 and a variable resistor 22. A ther- 
mocouple 119 is placed in contact with film 10 and con- 
nected to a temperature indicator 21 through the thermo- 
couple lead 23. The outer support plates 14 are then 
placed in face to face contact with the films 10. Bonding 

ments 12 so as to obtain the desired reading on the tem- 
perature indicator 21. If desired a plurality of thermo- 
couples 19 may be placed in various locations along both 
the upper and lower adhesive films. Such would increase 
the accuracy of indication of film temperature. 

In the embodiment of FIGURE 4, the honeycomb core 
16 itself is used as a resistance heating element to  raise 
the temperature of adhesive films 26. Thus, bus bars 30 
are clamped to opposed faces and on opposite sides and 

5 in the ribbon direction of the core by clamp means 28. 
These members serve not only to secure the bus bars to  
the core but also provide a terminal for leads 20 which 
are connected to a low voltage, high amperage electrical 
power supply 18. As in the embodiment illustrated in 

20 FIGURES 2 and 3, the power supply 18 is controlled 
by a variable resistor 22. 

The mode of operation of this embodiment is as previ- 
ously described in that pressure and heat are applied to 
effect a bonding. However, the flow of current is from 

25 the controllable power supply 18 through leads 20 to 
clamps 28, from the clamps to  the bus bars 30, through 
core 16 and back to the power supply. Since core 16 is 
used as the heating element, more current is required to 
produce sufficient heat to raise the film temperature due 

The curing heat may also be produced by passing a 
electrical current through the support plates B4 as illus- 
trated in FIGURE 5. In this instance the current flow is 
from the controllable power supply 18 through leads 20 

35 to clamping elements 28, through the support plates 14 
and back to the power supply. It is obvious that while 
it is preferred that both support plates be used as heating 
elements, one plate will produce sufficient heat to  cure 
both films 26 due to heat being conducted through the 

In the embodiment of FIGURE 6, the electric cur- 
rent is passed through resistance heater elements 32 em- 
bedded in the core 16 and surrounded by electrically 
insulative adhesive material 33. When electric current 

45 from the power supply 118 is passed through the strips 
32, the temperature of the core 16 and the adhesive film 
26 rises. The core 16 may be constructed of nonconduc- 
tive material in which case all the heat is emitted by strips 
32. Control of the degree of rise is affected by means of 

Except for the embodiment of FIGURE 4 the materials 
utilized for the honeycomb core 16 and the protective sup- 
port plates 14 may be chosen from a wide variety of 
either conductive or nonconductive substances such as 

55 metals, paper, synthetic resins, etc. as long as they possess 
the required strength and other necessary properties. Of 
course where the core or support plates are used as the 
heating element as in the embodiments of FIGURES 4 
and 5, these elements must be constructed of a conductive 

60 material such as metal or a plastic resin containing a 
carbon or a graphite fiber. 

Control of the degree of film temperature rise may be 
effected by the use of a thermostat rather than the manual 
control illustrated. In such a device a sensing element 

65 transmits film temperature to a control element which 
regulates the amount of heat producing energy distributed 
from the power supply. 

FIGURES 7 and 8 illustrate two methods of utilizing a 
vacuum to produce the desired bonding pressure. In FIG- 

70 URE 7 a flexible sheet 36, preferably of polyvinyl alco- 
hol plastic material, is sealed about work piece 54 and to 
support surface 34 by a tape 37 or other suitable sealing 
means. The support surface includes slots 46 and 52 
which lead from the edge of the surface 34 to a point 

75 under the sheet 36. Electrical leads 20 are inserted in slots 

30 to the fact that the conductor area is relatively large. 

40 honeycomb core 16 to the other film. 

50 variable resistor 22 and the temperature indicator 21. 
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52 along with the thermocouple lead 23 while slot 46 the said structural element when electric current is 
accommodates an exhaust hose 40. Seals 48 and 59 are passed therethrough, thus wring the film adhesive 
placed in the slots around the hose and leads respectively and bonding the structural elements together. 
to prevent loss of vacuum. Hose 40 is connected to a vac- 2. The honeycomb panel of claim 1 wherein said elec- 
uum pump 38 which is driven by motor 44. When a vac- 5 trically conductive structural element is said honeycomb 
uum is drawn between sheet 36 and support surfaces 34, core. 
the elements of work piece 54 are forced into firm con- 3. The honeycomb panel of claim 1 wherein said elec- 
tact by atmospheric pressure. A layer of insulating ma- trically conductive structural element is said outer plate. 
terial 55 may be placed on the outer surfaces of work 4. A honeycomb panel comprising: 
piece 54 to minimize heat losses and, due to its porosity, (a)  a structural core element of thin wall material 
cause the vacuum to be more uniform beneath the sheet formed into a honeycomb; 
36. (b) a thermosetting film adhesive disposed on at least 

In the embodiment of FIGURE 8 a bulkhead 60 of one face of said honeycomb core; 
fiberglass, metal or honeycomb panel is secured within a (c) at least one outer structural plate element disposed 
tank 56 on a circular angle ring 58. In the assembly o p  15 on a side of said adhesive film remote from said 
eration, a section of thermosetting adhesive film 10 hav- honeycomb core; and 
ing heating elements embedded therein such as that shown (d) said honeycomb core further comprising an elec- 
in FIGURE 1, is placed between the angle ring and the trically conductive resistance heating element em- 
bulkhead. A porous bleeder cloth 61 is positioned across bedded within said core, for heating the entire sur- 
one side of the bulkhead 60. A flexible sheet 62 is placed 20 face area of said core, when electric current is passed 
above the cloth and airtightly sealed to the tank 56 by through said heating element, thus curing the film 
means of zinc chromate tape 64. A second piece of porous adhesive and bonding the structural elements to- 
bleeder cloth 61 is positioned on the opposite side of the gether. 
bulkhead 60 with flexible sheet 63 placed below the sec- 5. The method of making a laminated bonded panel 
ond cloth and also airtightly sealed to  the tank by zinc 25 oomprising the steps of: 
chromate tape 64. Exhaust hose 40 is inserted through (a) fabricating a structural honeycomb core and two 
an aperture in sheet 62 and secured by a sealing grommet outer structural coverings of an electrically conduc- 
65. The enclosed space between sheets 62 and 63 is then tive metal offering sufficient resistance to  the flow of 
evacuated by attaching the hose 40 to  a vacuum pump electric current so that heat is produced when elec- 
such as that shown in FIGURE 7. Due to the porosity 30 t r k  current is passed therethrough; 
of cloth 61, a uniform vacuum is produced throughout the (b) placing thermosetting film adhesives in overlying 
enclosed space and atmospheric pressure produces a force relationship with each of two sides of the structural 
tending to push the bulkhead into firm contact with the honeycomb core; 
adhesive film 10 which is in turn pushed tightly against (c )  abutting an outer structural covering against the 
angle ring 58. Electric current is then applied to  the heat- 35 side of each of the said films remote from the struc- 
ing elements within the film 10 and a curing cycle as tlural core so that the core and the coverings are 
previously described is begun. When the cure has been spaced from one another; 
completed and the vacuum released, the bulkhead 60 and (d) passing an electric current through at least one of 
angle ring 58 remain firmly bonded together. the said structural elements to heat the structural 

It will be apparent from the foregoing that means for 40 element over its entire surface area and thereby 
joining two or more members in a simple and inexpensive cause the film adhesives to set and to bond the stmc- 
manner has been disclosed. No expensive heating ovens, tural core to the outer structural coverings. 
autoclaves, presses or the like are required. All that is 6. The method of making a laminated bonded panel 
needed is a source of electric current and means for ap- according to claim 1 including the 6urther steps of: 
plying pressure. The latter means may be either mere 45 (a) placing the laminated panel within an air tight 
weights or clamps but is preferably an evacuated space of compartment having at least one flexible wall so that 
the nature described with reference to  FIGURES 7 and 8. one of the outer structural coverings abuts the flexible 
Despite its simplicity, the process is extremely flexible wall and the remaining outer structural covering rests 
and may be used on a great number of shapes and sizes! on a fixed support surface, and 
of elements either in a factory, repair shop, or in the 5o (b) evacuating said compartment, thereby causing both 
field. Such has not heretofore been practical in the use of the outer structural coverings to be pushed in- 
of thermosetting adhesive films. ward against the film adhesives as the flexible wall 

The invention may be embodied in other specific forms is pressed in by atmospheric pressure. 
without departing from the spirit or essential character- 7. The method of making a laminated bonded panel 
istics thereof. The present embodiments are therefore to 55 ComPfiSing the Steps Of: 
be considered in all respects as illustrative and not re- (a)  embedding a heat-producing Tesistance element 
strictive, the scope of the invention being indicated by within a structural honeycomb core; 
the appended claims rather than by the foregoing descrip- (b) placing thermosetting film adhesives in overlying 
tion, and all changes which come within this meaning relationship with each of two sides of the structural 
and range of equivalency Qf the claims are therefore in- 60 Core; 
tended to  be embraced therein. (c )  abutting an outer structural covering against the 

What is claimed and desired to  be secured by United side of each of the films remote from the structural 
States Letters Patent is: core so that the core and the coverings are spaced 

1. A honeycomb panel comprising: from one another; and 
(a)  a strmctural core element of thin wall material 65 (d) Passing an electric owrent through the resistance 

formed into a honeycomb; element embedded in the core, for heating the entire 
(b) a thermosetting film adhesive disposed on at least surface area of the core and thereby causing the film 

one face of said honeycomb core; adhesives to set. 
(c) at least one outer structural plate element disposed 8. The method of making a laminated bonded panel 

on a side of said adhesive film remote from said 70 according to claim 7 including the further steps of: 
honeycomb core; and (a)  placing the laminated panel within an air tight 

(d) at least one of said structural elements being fabri- compartment having at least one flexible wall so that 
cated of an electrically conductive metal offering one of the outer structural coverings abuts the flexible 
sufficient resistance to the flow of electric current so wall and the remaining outer structural covering rests 
that heat is produced over the entire surface area of 75 on a k e d  support surface, and 
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